tory cytokines, and especially IL-6, play a central role in inflammation increase and endothelial damage, while anti-inflammatory IL-10 has a protective role by decreasing vascular wall permeability. Although there are some previous studies on the role of cytokines in the development of long-term diabetes complications [6, 9, 12, 14, 15, 16] , there is only one study on the fluctuation of cytokines during the metabolic crisis of DKA in children with T1DM [6] , including limited number of patients. The aim of the present study was to monitor serum levels of pro-inflammatory cytokines IL-1β, IL-2, IL-6, IL-8 and TNF-α and the anti-inflammatory cytokine IL-10 at different time-points during the management of DKA, as markers of the risk of development of its acute complications. Another aim was to study the fluctuation of interleukin levels in patients with different degrees of severity of DKA.
Patients and methods

Patients
The study included 38 newly diagnosed children with T1DM and DKA (14 boys and 24 girls), which were admitted in a University Paediatric Department during the period of two years. The criteria for the diagnosis of T1DM were fasting plasma glucose levels of 126 mg/dL (7.0 mmol/L), or symptoms of hyperglycaemia (polyuria, polydipsia, and unexplained weight loss with a random plasma glucose ≥200 mg/dL (11.1 mmol/L) [27] . DKA was defined as hyperglycaemia with blood glucose levels exceeding 11 mmol/L, heavy glycosuria (>55 mmol/L), ketonuria and metabolic acidosis (pH<7.30) with a bicarbonate level of <15 mmol/L and the presence of >5% dehydration [28] .
The patients had no evidence of acute pancreatitis or acute/ chronic infection according to history and physical examination. Although some presented with leucocytosis, it subsequently subsided without the administration of antibiotics.
Methods
Blood samples were drawn: a. a baseline sample at presentation, before initial hydration, b. at 6 hours, c. at 24 hours and d. at 120 hours after administration of fluids and insulin. Laboratory tests included samples for cytokine levels, blood pH and glucose levels, serum electrolytes, blood urea nitrogen (BUN), osmolality (Osm), WBC, absolute neutrophil count (ANC), hs-CRP levels, blood and urine cultures. We also deterinflammatory response, regulation of haematopoiesis, control of cellular proliferation and differentiation [8] .
Chemokines play a central role in inflammatory processes by regulating leukocyte migration into sites of tissue damage [9] . IL-6 is secreted by macrophages, lymphocytes and other cells [10] . It has been previously reported that hyperglycaemia increases serum concentrations of IL-6 [11, 12] possibly through augmented production in monocytes [11, 13] . Thus patients with diabetes have elevated blood levels of IL-6, which, together with TNF-α are known to increase inflammation and the development of vascular disease and atherosclerosis, possibly by increasing oxidative stress [12, 14, 15, 16] . In children with T1DM, IL-6 levels were found to be statistically significantly increased in the group with long T1DM duration, as well as in those newly diagnosed, when compared with healthy controls [6, 9] , with the highest levels in the newly diagnosed patients [9] .
The effect of IL-6 on the blood-brain barrier (BBB) failure has been previously studied in patients with brain tumours under chemotherapy [17] . Thus it has been shown that IL-6 triggers production of metalloproteinase inhibitors, such as alpha 2-macroglobulin by perivascular astrocytes [17] , resulting in BBB failure and perivascular cerebral edema. Also elevated circulating levels of IL-6 have been reported to enhance pulmonary permeability and endothelial damage in different conditions, such as ischemia-perfusion during lung transplantation [18] , pulmonary exposure to diesel [19] , or intestinal ischemia [20] . Moreover other proinflammatory cytokines, such as TNF-α, IL-1β and IFN-γ (Interferon-γ) have been shown to increase pulmonary permeability, resulting in pulmonary edema [21] .
IL-10 is secreted by activated monocytes/macrophages and lymphocytes. IL-10 has been reported to have multifaceted anti-inflammatory properties and to play a beneficial regulatory role in atherogenesis [22] . Also IL-10 levels have been found to increase during DKA and its management [6] . The role of IL-10 in reducing microvascular leakage has been shown in many previous studies. Thus it has been shown [23, 24] that IL-10 is a powerful inhibitor of the secretion of vascular permeability factor (VPF) of peripheral blood mononuclear cells, and that this occurs in a dose-dependent fashion [25] . Moreover, in rats with acute lung injury the treatment with endothelial progenitor cells resulted in a dramatical increase of IL-10 levels and the reduction of pulmonary edema [26] .
Thus previous studies support that pro-inflamma-before treatment initiation are shown in (Table 1) .
Results from the Repeated measures ANOVA models are summarized in Table 2 . Overall, the WBC, ANC and IL-10 levels presented significant changes over time. More specifically, WBC and ANC levels were significantly lower in blood samples drawn 24h after administration of fluids and insulin than in the initial (baseline) blood samples. The WBC and ANC levels were further decreased at 120h following the DKA management initiation. In the total group of patients the IL-10 levels were significantly higher in the initial blood sample compared with all subsequent blood samples. Moreover the IL-10 levels were significantly decreased at 6-8h after DKA management initiation, while no significant changes were observed 24h and 120h later.
The effect of time on the WBC, ANC and IL-10 levels is different according to the degree of severity of DKA (Table 2 -columns 1-3). More specifically, the leucocytosis and the significant decrease in WBC levels mainly regard children with moderate or severe DKA. Moreover, the high levels of IL-10 in the initial blood sample and their significant decrease at 6-8 hours after treatment initiation (91.76 vs 18.04 pg/mL, p=0.008) and at all subsequent time-points concern the subgroup of children with moderate or severe DKA. On the contrary, in the group with mild DKA the initial IL-10 levels were low and were not significantly changed over time (see Fig. 1 ).
Regarding the remaining cytokines and plasma levels of GH and cortisol no significant changes were observed, neither with time nor with the degree of severity of DKA (Table 2 ). However the absence of statistical significance, using the Repeated measures ANOVA models does not preclude the clinical importance of some of those results. More specifically, we focus on the IL-6 levels in the group with moderate or severe DKA, which were initially elevated and were mined serum GH and cortisol levels at presentation and after 120 hours.
We determined serum levels of cytokines IL-1β, IL-2, IL-6, IL-8 IL-10 and TNF-α, using the Luminex XMAP technique. All samples were drawn in citrated tubes and then they were immediately centrifuged at 4º C and 3500rpm for 6 minutes. Values ≤5 ng/L were considered as normal.
Serum cortisol levels were estimated using the Electrochemiluminescence technique (Cortisol Elecsys 2010, Roche Diagnostics) and GH levels were estimated using the Chemiluminescence technique (Ultrasensitive hGH Access Beckman-Coulter). The calibrators of the method are based on the 2nd International Standard WHO 98/574. The transformation factor of μIU/mL into ng/mL was 1/3.
Treatment of diabetic ketoacidosis (DKA) was performed in the Paediatric Department under the care of the same Paediatric Diabetologist, according to the protocol [29] . Informed consent was obtained from the parents.
Statistical analysis
Descriptive statistics were calculated for demographic characteristics of patients with DKA and T1DM at presentation and before treatment initiation.
Repeated measures ANOVA models were applied in order to determine the differences in cytokines, WBC, ANC and plasma cortisol levels between different time-points: i.e. pre-treatment and at 6-8h, 24h and 120h after treatment initiation, taking into account the degree of severity of DKA. Results are summarized in terms of the estimated marginal means and corresponding 95% C.I.'s. Comparison of cytokine levels between two time-points was performed with the Wilcoxon's rank sum test for two samples. Spearman rank correlation coefficients were used to investigate the relationship of the cytokine levels with the pH levels and also the correlation of the change in IL-10 levels (0-6h) with serum osmolality. Two tailed p-values<0.05 were considered significant. The statistical analysis was performed using the SPSS 17 statistical package.
Results
The patients with newly diagnosed T1DM of our study had a mean age of 7.68 ± 3.07 years (range: 2-13 years), and among them 14 were boys and 24 girls. The clinical and laboratory characteristics of the patients according to the severity of DKA at presentation and
Discussion
The present study provides evidence on the cytokine levels fluctuation before and over the course of the DKA correction, and also according to the severity of DKA. To our knowledge there are very limited studies on the above topic [6] . A novelty of our study is the recording of the cytokine levels changes over time in severe DKA.
Cytokine levels have been reported to differ during the metabolic crisis of DKA at T1DM diagnosis and in patients with a longer (>1year) diabetes duration [9] . Thus elevated plasma IL-6 and TNF-α levels have been reported in newly diagnosed patients with [6] or without DKA [9] , in comparison with those with longer standing diabetes, suggesting a possible activation of systemic inflammatory process during early phases of T1DM [9] . Moreover, in the same group of patients, IL-8 levels did not significantly change throughout the various stages of severe DKA [9] , which was also observed in our study. However in patients with a long-standing diabetes without DKA, among all cytokines, only the IL-8 levels were found to be significantly increased [9] . IL-8 has been implicated in the development of diabetic macroangiopathy and pathogenesis of significantly decreased after 120h (28.32 vs 11.9 pg/ mL, p=0.003). Moreover, it is shown from both Fig.  2 and Table 2 that the observed decreases regard the moderate or severe DKA subgroup, while the IL-6 levels remained almost stable in the mild DKA subgroup. Table 3 shows the pH correlations with the cytokine levels and WBC in the total group of patients at diagnosis of DKA. It was observed that pH levels were negatively correlated with IL-6 (p=0.057), IL-8 (p=0.023), IL-10 (p=0.010), WBC (p=0.001) and cortisol levels (p=0.020).
Cytokine levels were significantly correlated with hs-CRP in the group with moderate/severe DKA, and especially at 24 hours after treatment initiation (Table 4) . Thus at this time-point of DKA management, hs-CRP was significantly correlated with IL-1β, IL-6 and IL-8 in the group with moderate/severe DKA. Moreover hs-CRP was significantly correlated with IL-6 at presentation (r=0.659, p=0.028), and with IL-10 at 120h after treatment initiation (r=0.660, p=0.027).
The IL-10 (0-6h) difference was correlated with serum osmolality levels only in the group with moderate/severe DKA (p=0.051), but not in the group with mild DKA (p=0.548) and in the total group of patients (p=0.783) ( Table 5) . atherosclerosis [30] .
In the newly diagnosed children with T1DM and DKA of the present study, increased WBC, ANC and increased levels of IL-6 and IL-10 cytokines were observed during the first hours of DKA management, which were increased in parallel with DKA severity and they subsequently returned to normal within 120h after insulin therapy and normalization of pH and blood glucose levels. Moreover in the group with moderate/severe DKA, hs-CRP levels were correlated with IL-6, as well as with IL-1β and IL-8 levels during the first 24 hours after treatment initiation, showing the degree of inflammation. Thus our study confirms the well-known phenomenon of leukocytosis in hyperglycaemic crises, without obvious infection and it also suggests a possible anti-inflammatory effect of insulin [31, 32] . An explanation of the above is that during the hyperglycaemic crisis of DKA, stimulation of the sympathetic nervous system secondary to hyperglycaemia is observed, which results in leukocytosis and elevation of TNF-α and IL-6 [13] . The latter cytokines together with IL-1β regulate the production of acute phase proteins [33] .
Moreover in our study the degree of severity of acidosis was associated with cytokine levels, WBC and cortisol levels. It has been previously reported that IL-8, and IL-1RA and granulocyte accumulation in the lungs in healthy human volunteers [37] . Another important finding of our study was the IL-6 levels elevation during severe DKA and its reduction 120hours after treatment initiation. Similar findings have been reported by Hoffman et al. [6] , without however following the IL-6 levels at different timepoints of DKA management. Furthermore, in non-severe DKA, IL-6 levels showed an increase at 6th hour after the treatment initiation. This observation has also been previously reported [6] and is suggestive of a possible role of IL-6 as a risk factor in sustaining the metabolic crisis.
Our data support the hypothesis that at the critical time-period where acute complications of DKA have been reported (6th -24th hour), the levels of IL-10 are prematurely decreased, while the levels of IL-6 remain high. Moreover, the difference between the levels of pro-inflammatory and anti-inflammatory cytokines is greater in the group with severe DKA, where acute complications are more prevalent. Thus it is suggested that the persistence of increased IL-6 levels for the critical period of 24 hours and the premature reduction of the anti-inflammatory IL-10 levels at 6 hours after treatment initiation could be associated with the development of clinical brain or pulmonary edema in children with severe DKA. Nevertheless, further clinical studies are necessary to determine if these cytokine responses are related to the pathogenesis of acute brain or pulmonary edema in children with DKA.
in patients with DKA occurs in vivo activation of T-lymphocytes, which led to the hypothesis that hyperglycaemia and/or ketosis results in the increased production of reactive oxygen species (ROS), leading to increased levels of cytokines and emergence of growth factor receptors [34] . Actually, the anti-inflammatory role of insulin has been attributed to the fact that it influences T-lymphocyte differentiation, promoting a shift toward a Th2-type response, which leads to a diminution of cellular immune responses and a stimulation of antibody-mediated responses [35] .
Significant elevation of of GH and cortisol levels was also observed during the hyperglycaemic crisis of DKA, which returned to normal after 120 hours. Similar findings have been reported by Stenz et al. [16] , who observed an increase in proinflammatory cytokines, GH, cortisol and FFAs during ketotic and non-ketotic hyperglycaemia in lean and obese patients, which returned to normal 24hours after intravenous insulin therapy.
In the present study it was noticed that during severe DKA IL-10 had the highest levels, which were significantly reduced after the first 6-8hours. Similarly Hoffman et al. [6] reported similar variations in IL-10, without however associating it to the severity of DKA. IL-10 has been shown to inhibit cytokine synthesis by human monocytes, therefore having strong downregulatory effects on the secretion of proinflammatory cytokines, which are involved in acute and chronic inflammatory processes [36] . Moreover using IL-10 i.v. as a therapeutic agent inhibits the release of TNF-α, IL-6,
